Background: Smoking reduces life years in good health but it is unclear how education modifies the impact of smoking. We hypothesize that the vulnerability of the effect of smoking on health expectancy decreases with educational level in both genders and examine the contributions of mortality and health effects. Methods: Life tables by educational level and smoking category were constructed from registers and survey data. For each educational level, difference in expected lifetime in self-rated good and poor health between 30-year-old never smokers and smokers were estimated and decomposed into contributions from mortality and health status. Results: Difference in expected lifetime in good health between never smokers and smokers decreased with educational level for women but increased for men. Thus, the differences between never smokers and heavy smokers among 30-year-old women with a low, medium and high educational level were 12.9, 8.9 and 4.1 years, respectively. In contrast, the differences between male never smokers and heavy smokers with a low, medium and high educational level were 10.3, 11.4 and 14.3 years, respectively. Regardless of educational level, the mortality effect increased by exposure to smoking but the effect of health status increased by educational level for men and decreased for women. Conclusion: The social differential vulnerability to the effect of smoking differed between genders. Thus, whereas smoking had a substantial effect on health among women with a low educational level the pattern for men was opposite because the health gain for never smokers was greatest for men with a high education.
Introduction

S
moking is expected to kill more than 8 million adults annually in the next two decades and in Denmark, the proportion of deaths attributable to tobacco is almost 22%. 1 Smoking reduces life expectancy and the average life years in good health, but it is unclear whether smoking also reduces the unhealthy years. [2] [3] [4] [5] [6] [7] [8] [9] [10] How smoking affects health expectancy depends on whether the investigators' choice of the unhealthy state has a high or low fatality. For self-rated health, some specific diseases (e.g. musculoskeletal diseases and neurodegenerative diseases), and other health problems with a low lethality, the impact of smoking might reduce life years in good health and be concomitant to an extension of lifetime in poor health or duration of disease and health problems. 3, 5, 11 Studies that also stratified health expectancy by social position found that smoking affects life expectancy and healthy lifetime irrespective of educational level but with a steeper social gradient for health expectancy than life expectancy. 12, 13 A study that compared educational inequalities in selected smoking related causes of death in 18 European countries placed Danish men with the smallest relative educational inequalities together with Spanish and Swedish men, whereas the placement of Danish women was in a position together with the Nordic countries where the relative inequality was largest. 14 Health expectancy is a summary measure of population health that integrates mortality and morbidity data as it divides life expectancy into expected life years in various health states. Health expectancy can be decomposed to assess the additive contributions of the effect of differences in mortality and morbidity between (sub)populations. 15 Thus, the decomposition technique can be used to a more detailed study of social differentials in the impact of smoking on expected lifetime in good and poor health.
To our knowledge, only one study on the impact of smoking on health expectancy has quantified the contribution of the mortality effect and the morbidity effect of smoking on disability-free life expectancy. 9 According to this study, the excess mortality of smokers outweighs their higher prevalence of disability resulting in shorter lifetime with disability. However, this might not be the case for self-rated health. It is of particular interest to examine whether education modifies the impact of smoking on expected lifetime in good and poor health and whether this modification is similar in men and women.
This study presents estimates of expected lifetime in self-rated good and fair or poor health among never smokers and smokers by educational level and gender. We hypothesise that vulnerability to the effect of smoking decreases with educational level in both genders and examine the gender-specific contributions of the mortality and health effects to the health expectancy differences between never smokers and smokers.
Methods
In preparation for estimating expected lifetime in self-rated good health by educational level and smoking category, mortality data and prevalence data on self-rated health are needed for each combination of educational level and smoking category. The unique personal identification code assigned to all Danish citizens made it possible to construct life tables for three educational levels by linking national registers at Statistics Denmark on mortality and education. Furthermore, for each educational level data on sex and age-specific number of persons at risk and number of deaths of various causes were extracted to estimate smoking attributed deaths.
The three levels of education were: Low level-Maximum of 10 years of schooling and no more than semi-skilled training, basic vocational training or business school (first year); Medium levelEither a maximum of 10 years of schooling and further vocational or other training or with post-secondary schooling but no higher education; and High level-Any type of higher education. Because most people have finished their education when they are 30 years old, life expectancy and expected lifetime in self-rated good health were estimated for 30-year-olds.
Construction of life tables by educational level and smoking category
The Danish health interview surveys are too small to serve as the basis for estimating age and gender-specific death rates by educational level and smoking category. For instance, the prevalence of (heavy) smokers among the small group of high educated elderly women would be insufficient to establish valid estimates. To overcome this lack of power, the study exploited the advantageous opportunity of linking nationwide health registers and social registers in Denmark to construct life tables by educational level and smoking categories. 16 We used an indirect estimation method suggested by Peto et al. based on the strong association between smoking and lung cancer to construct smoking category-specific life tables. 17 Thus, lung cancer death rates in Denmark during a period up to 2000 and that for never smokers and smokers estimated from the second prospective Cancer Prevention Study (CPS-II) of the American Cancer Society on smoking and mortality were used to compute the proportion of smoking attributable deaths from lung cancer by age, sex and educational level. Following the method developed by Peto et al. 17 , a 'synthetic smoking prevalence' for each age, sex and educational level was estimated and aetiological fractions for other smoking attributable causes of death (upper aerodigestive cancers, other cancers, chronic obstructive lung disease, other diseases of the respiratory system, vascular diseases and other natural causes) were estimated by the use of relative risks (RRs) taken from the CPS-II. Thus, deaths due to and not due to smoking were calculated. In particular, life tables by educational level for never smokers were constructed. 17 The Danish National Cohort Study (DANCOS) 18 was used to estimate RRs for death for moderate smokers (1-14g of tobacco per day) and heavy smokers (15+ g of tobacco per day) vs. never smokers-one g of tobacco is equivalent to one cigarette. RR estimates adjusted for sex and age were 1.5 for moderate smokers and 2.6 for heavy smokers and for each educational group, sex and age-specific death rates for never smokers were multiplied by the RR estimates giving sex and age-specific death rates for each smoking category. Because of the long delay before smoker's risk for death is increased, the RRs for people under 45 were reduced to (RR+1)/2. Finally, life tables for each combination of sex, educational level and smoking category were constructed. 12 Prevalence data on health and smoking
The Danish Health Interview Survey 2000 included national representative data from face-to-face interviews among Danes aged 16 or above. 19 A sample of 22 486 citizens was drawn from the Danish Civil Registration System 20 and interviews were obtained for 16 690 persons (74.2% of the sample). Prevalence data on selfrated health by educational level and smoking category was drawn from the survey on the basis of answers to the question: 'How do you rate your present state of health in general?' The five original response categories (really good, good, fair, poor and very poor) were dichotomised into 'good' and 'fair or poor'. Smoking categories were defined as never smokers, ex-smokers, moderate smokers (1-14 g of tobacco per day) and heavy smokers (15+ g of tobacco per day) according to answers to the question 'Do you smoke?', with the answer categories 'yes, daily', 'yes, but some days I don't smoke' and 'no' and questions as to the quantity of tobacco smoked. Ex-smokers were identified by the question: 'Have you ever been a smoker?' In this study, ex-smokers were excluded because ex-smokers represent a heterogeneous group of persons who have smoked a little or for a short period and persons who have smoked for many years and have stopped after becoming ill.
Estimation and decomposition of health expectancy
Prevalence data on self-rated good health per educational level and smoking category was incorporated into the life tables constructed for each combination of educational level and smoking category by Sullivan's method. 21 The expected number of years lived in the age intervals 30-34, 35-39, . . . , 70-74, 75+ were multiplied by agespecific prevalence of self-rated good health. Expected lifetime in good health for 30-year-olds was calculated by adding these years for all age groups and dividing the sum by the number of survivors at age 30. The only source of random variation was assumed to arise from the health interview survey 2000 and statistical tests of equality between never smokers and smokers were done using a Z-test.
The contributions from the mortality effect and the health effect to smoking related differences in lifetime in good health were assessed by decomposing. 15 Thus, the health gain of being a never smoker measured by expected lifetime in good health was divided into the components of the effects of mortality and health.
Results
Life expectancy at age 30 among people who will never start smoking was 48.1 years for men and 51.9 years for women and was shortened by a little more than 3.5 years for moderate smokers and by 8.5 years for heavy smokers (tables 1 and 2). The difference in life expectancy between never smokers and smokers declined by educational level and the effect of smoking abstinence between high and low educated men and women was twice as high among heavy smokers than moderate smokers (tables 1 and 2). Expected lifetime in self-rated good health was 39.4 and 39.0 years for 30-year-old never smoking men and women, respectively, and reduced by 5-6 years for moderate smokers and by 10-12 years for heavy smokers (tables 1 and 2).
For men, the difference in expected lifetime in good health between never smokers and smokers was statistically significant for all educational groups while the difference in expected lifetime in fair or poor health was statistically significant only among high educated men and between never and heavy smokers with a medium educational level (table 1, bold numbers). Among women the difference in expected lifetime in good health was statistically significant for those with a medium and a low educational level while the difference in expected lifetime in fair or poor health was statistically significant only for low educated women (bold numbers in table 2). Figure 1 illustrates for each sex and educational level the contribution made by differences in mortality and by differences in prevalence of self-rated health. The dark areas reflect the loss of life expectancy due to smoking divided up into lifetime in fair or poor health (left part) and in good health (right part). The light area reflects the contribution of the health effect due to smoking. The health effect of being a never smoker contributed exclusively to lifetime in good health regardless of educational level except for women with a high educational level where the mortality effect exceeded the gain in lifetime in good health by 1.6 years for both moderate and heavy smokers and therefore contributed with 1.6 more years in fair or poor health (table 2; figure 1 ).
While the gender difference in the loss of life expectancy due to smoking was negligible the contribution from the health effect on lifetime in good health increased by educational level for men and decreased for women (figure 1). For instance, expected lifetime in good health differed by 14.3 years between never and heavy smoking men with a high education, whereas that of men with a low educational level was 10.3 years (table 1). The contribution of the health effect of these differences was 9.2 and 4.7 years, respectively (table 1 and figure 1 ). Among men with a moderate educational level the results were in between. For women, the pattern was opposite and with more differences between educational levels. Thus, expected lifetime in good health differed between never and heavy smokers by 4.1 years among women with a high educational level and by 12.9 years for women with a low educational level (table 2; figure 1 ). The health effect contributed to these differentials by À1.6 and 8.1 years, respectively.
Discussion
In accordance with our hypothesis, we found that the difference in expected lifetime in good health between never smokers and smokers among women decreased by educational level, and that Bold numbers indicate statistically significant difference (P < 0.05). Bold numbers indicate statistically significant difference (P < 0.05).
the health gain for never smokers compared with smokers was largest for those with a low educational level. However, among men the conclusion was reversed as the difference in expected lifetime in good health among never smokers and smokers increased with increasing education, and the health gain for never smokers was largest for those with a high educational level. While the effect of the mortality component did not vary much between educational groups when smokers were compared with never smokers, a marked educational gradient originating from the health component was detected for women indicating that smoking has a substantial effect on health among women with a low educational level. Interestingly, the pattern for men was opposite because, apart from the mortality difference, the health gain for never smokers was greatest for men with a high education.
We found that the effect of smoking on life expectancy was larger among low than high educated and twice as high for men than for women. In addition to differential mortality health status differs as clustering of risk factors and exposure to a wide range of health determinants at work and residential environment varies between gender and socio-economic groups and contribute to health inequality. 22, 23 Male smokers with a high educational level might be more exposed to stress, divorce, high alcohol consumption and other unhealthy lifestyles than never smokers with a high educational level and it might be hypothesised that the risk of being exposed to these factors and other unhealthy behaviours might differ more between male smokers and never smokers with a high educational level than between male smokers and never smokers with lesser education. The life conditions of female smokers with a low educational level might to some extent be characterized as burdensome as lone parent, being strained by poor economy, unemployment, alcohol problems and other less favourable health behaviours whereas these characteristics might be lesser prevalent among their never smoking female counterparts with a low educational level. Furthermore, these health-related life conditions differ to a lesser degree between female smokers and never smokers with more education. These aspects might be part of an explanation of the opposite social gradients between men and women.
Few studies on smoking decomposed health expectancy into the effect of mortality and morbidity. A Belgian study found that smokers had shorter expected lifetime with disability than never smokers. 9 These results are inconsistent with the results of this study where expected lifetime in fair or poor health was shorter for never smokers than for smokers regardless of education level (except for women with a high educational level). It should, however, be emphasized that the health outcome in the two studies differs and although associated, disability and self-rated health measures different dimensions of health status.
The Sullivan method piece together age group specific number of years lived in good and poor health and the impact of smoking on health expectancy appears by comparing results for people who smoke during their whole life vs. people who never start smoking. Results for 'lifelong ex-smokers' would not make sense and exsmokers were excluded from the study.
A decisive point in the calculations was to construct life tables by smoking category. A widely used methodology used to estimate mortality attributable to smoking 24 is the indirect method of Peto et al., which does not require information about smoking prevalence. 17 Only lung cancer death rates among people who had never smoked are needed. Although lung cancer is very rare among never smokers the size of CPS-II makes it possible to estimate lung cancer death rates among never smokers. However, as further division into educational groups was not possible, equal rates between educational groups were assumed. If lung cancer death rates attributable to other risk factors than smoking differ between educational groups, the method might bias the difference in smoking-attributable mortality between the groups. Furthermore, RRs for other smoking-related causes of death than lung cancer were assumed to be the same among educational groups. Because smoking-category-aggregated lung cancer death rates by educational level were calculated exactly the 'synthetic smoking prevalence' may still reflect differences between educational groups as to smoking habits. Also other smoking-related cause-specific death rates were calculated exactly for each educational group implying differences between educational groups as to the effect of smoking. Educational independence of RR of death due to smoking has been reported in other studies. 25, 26 Self-reported data on smoking habits might underestimate smoking prevalence and lead to an underestimated difference in expected lifetime in self-rated good health between never smokers and smokers. 27 But a Finish study concluded a high validity of selfreported smoking by associating the answers to smoking with measures of serum cotinine concentrations. 28 Due to differential participation rate and health status reported in the Danish Health Interview Survey 2000 one might expect that poor health be more underreported among people with a low educational level than people with more education. If this is the case, the social differentials are underestimated. On the other hand, this potential bias might be partly neutralized by the effect of less inclination for participation among busy people with a high education and in good health.
The conclusion of the study was that the effect of the mortality component decreased modestly by educational level when smokers were compared with never smokers. The social gradient originated from the health component indicated that smoking had a substantial effect on health among women with a low educational level unlike among men where the health component was greatest among those with a high educational level. Thus, apart from the mortality difference between educational levels the health gain for never smokers was greatest for women with a low education and among men with a high education.
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